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Abstract 
The microstructure and precipitates of AA 2037 Al alloy before and after artificial ageing were investigated by positron 
lifetime and coincidence Doppler broadening (CDB) techniques. The experimental results showed that positron mean lifetime 
decreased slightly with increasing annealing time due to the formation of the high temperature precipitates (T phase) and 
recovery of defects induced by hot-rolling. CDB ratio curves observed that characteristic shape peak of Mn and Cu increased 
with the content of the T phase, which identified that there exist Mn and Cu elements in T phase. Furthermore, the CDB ratio 
curves, after artificial ageing, appeared characteristic shape peak of Mg due to the increase of low temperature precipitates 
containing Mg, and Mg signal was more evident when content of the T phase was lower.  
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1. Introduction 
 
Positron annihilation spectroscopy (PAS) is a well established tools for studying the properties of vacancy-type 
defects in metals and alloys [1]. The positron lifetime provides information on the size of the vacancy clusters and 
their number density, while angular correlation and Doppler broadening give the one-dimensional momentum 
distribution of the annihilating electron-positron pairs. Recently a new technique of coincidence Doppler 
broadening (CDB) has been used to suppress the background and to evidence the contribution of positron 
annihilation with core electrons, which was employed to identify the solute atoms bond to vacancies by measuring 
the momentum distribution of the core electrons around the vacancies where positrons are trapped. Thus it gives the 
information of environment of the defect and vacancy-solute interaction [2].  
2000 series Al-Cu Alloy, especially Al-Cu-Mg Alloy (e.g. AA2024 and AA2026), has been highlighted for their 
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high strength, high damage tolerance and low density. Dupasquier et al.[3] reviewed the studies of light alloys by 
positron annihilation techniques, and indicated that the PAS techniques are a sensitive probe for detecting the 
changes of microstructure and defect in the age-hardenable alloys. Somoza et al.[4] made a direct comparison 
between Al-Cu and Al-Cu-Mg alloys, and reported that the mechanism, by which Mg affects the microstructure and 
the ageing kinetics of the alloys, was related to the formation of V-Cu-Mg complexes. Nagai et al.[5,6] reported that 
in Al-Cu-Mg alloys, it was favourable for the formation of the V-Mg complex due to the size of a Mg atom is larger 
than that of an Al atom, subsequently V-Mg complex captured Cu atom to form V-Mg-Cu complex, while the 
results of Al-Cu-Mg-Ag alloys indicated that the V-Mg complexes were stabilized by the associated Ag atoms, 
resulting in the formation of V-Mg-Ag complexes. Recently, Dupasquier and coauthors [7,8] investigated the 
evolution of atomistic-level nanostructure during the early stages of elevated temperature ageing of rapid hardening 
(RH) Al–Cu–Mg alloys by APT, TEM and PAS. The positron experiments showed that Cu–Mg clusters provide 
additional sites for vacancy stabilization. 
AA2037 (Al-Cu-Mg-Mn) alloys have recently been successfully produced using a Hazzellet continuous caster. 
Aluminium alloy sheet produced by this method presents cost savings of more than 25% over the conventional 
direct chill cast method.[9] Since the cooling rate during continuous slab casting is much faster than in the direct 
chill casting method, and no homogenization is performed, the microstructure might not be as uniform as that 
achieved by the latter method. Vacancy-solute interaction and decomposition of hot bands of AA2037  alloy  were 
investigated by positron annihilation techniques [10]. In this paper, we further report the recrystallization 
microstructure and precipitates of AA2037 alloy before and after artificial ageing by positron lifetime and 
coincidence Doppler broadening (CDB) techniques.  
 
2. Experimental 
 
2.1 Samples 
An AA 2037 Al alloy was produced using continuous cast (CC) by Aleris International, Inc. in USA. The 
chemical compositions of the samples are listed in Table 1. The as-received hot band was cut into 
20mm×20mm×2mm in size for CDB and positron lifetime measurements. The samples at various high 
temperature treatments are stated in Table 2. The as-received hot band was treated  with homogenization at 4700C 
for 4h at furnace (Sample 1), Sample 2 was treated at salt bath annealing at 4700C for 30s. In order to get grain 
refining, some of as-received hot band  was first cold-rolled to 70% deformation, and then treated with almost the 
same conditions as Samples 1 and 2,  which were named as Sample 3 (homogenization) and Sample 4 (salt bath 
annealing). There existed high temperature precipitates (T phase) in all samples, and longer annealing time led to the 
formation of more T phase. The composition of T phase identified by TEM, was Al20Mn3Cu2 and the diameter of the 
precipitate was about 5nm. More results about T phase will be reported in another article. Furthermore, part of 
Samples 1~4 before ageing was stretched with 5% deformation and then aged at 1500C for 5 days, which were 
named as Samples 1~4 after ageing.  
 
 
Table 1 Chemical composition of AA2037 Al alloy 
 
Element Al Cu Mg Mn Si Zn Ti V 
Wt % Remainder 1.48 0.45 0.24 0.06 0.02 0.02 0.01 
 
 
Table 2 Treatment state of samples 
 
No. of Sample State of heat treatment T phase Grain size 
1 Homogenization at 4700C /4h at furnace Many 100~200um 
2 Salt bath annealing at 4700C /30s Very few 10 20um 
3 70% cold rolling, homogenization at 4700C /30m at furnace Many 30~100um 
4 70% cold rolling, salt bath annealing at 4700C /30s Very few 5~20um 
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2.2 The CDB and positron lifetime measurements 
   The CDB spectra were obtained using two high purity Ge detectors, with different energy resolutions of 1.76 keV 
and 1.64 keV at 1.33 MeV respectively. The two detectors were located parallel to each other. A 5.6×105 Bq 22NaCl 
positron source deposited on a kapton foil was sandwiched between two pieces of samples. All experiments were 
conducted at room temperature. Total counts were 1.5 × 107 for each measurement with count rate of 70/s.  
Positron lifetime measurements were carried out using a conventional fast-fast coincidence system at a time 
resolution of 210 ps (FWHM). Total counts were 4×106 for each measurement with a count rate of 400/s. The 
contribution of positrons annihilating within the source and kapton foil was determined to be 371 ps with an 
intensity of 8% using a fully annealed Al. After subtracting the source component and background, the obtained 
positron lifetime spectra  were fitted with two lifetimes using the PATFIT program. Every pair sample was repeated 
to measure for 6 times.  The positron mean lifetimes in all the samples were analyzed and discussed. 
 
3. Results and Discussion 
 
3.1 SEM images 
SEM images of the AA 2037 alloy at various high temperature treatments (i.e. Samples 1~4 before ageing) are 
showed in Fig. 1. Their grain sizes are also listed in Table 2. When as-received hot band was treated  with 
homogenization at 4700C for 4h at furnace, it has the range of 100~200um grain size (Sample 1, Fig. 1(a)). When 
the same band was treated with salt bath annealing at 4700C for 30s, the grain size is much smaller, about 10 20um 
(Sample 2, Fig. 1(b)). In order to get grain refining, as-received hot band  was first cold-rolled to 70% deformation, 
and then treated with almost the same conditions as Samples 1 and 2. Sample 3 (homogenization) and Sample 4 (salt 
bath annealing) have grain sizes of 30~100um (Fig. 1(c)) and 5~20um (Fig. 1(d)), respectively.  
 
 
 
Fig. 1 SEM images of Samples 1~4((a)-(d)) before ageing  
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3.2 Coincidence Doppler Broadening (CDB) 
Figure 2 shows the CDB ratio curves for (a) pure Cu, (b) pure Mn and (c) pure Mg. The shape in the high-
momentum region is characteristic of each element. Thus, we can identify with which element the positron 
annihilate in the alloy. As seen from Fig.2, Cu is characterized with a long tail starting from 15 10-3 moc 
(contribution by 3d-electrons), and Mn is characterized with a broad peak near 11 10-3 moc (contribution by 3d-
electrons).  The  Mg  ratio  curve is  characterized with a  minimum near 6 10-3moc and  small peak around 11   10-
3moc.  
The CDB ratio curves of the AA 2037 alloy at various high 
temperature treatments before  and after ageing are shown in 
Figs. 3(a) and (b), respectively. From Fig. 3(a), it is interesting 
to observe that there exist  Mn  and Cu signals for all the 
samples at various high temperature treatments  before  ageing, 
and Samples 1 and 3 with more T phase have  higher ratio 
curves than Samples 2 and 4 with less T phase, which indicates 
that longer annealing time leads to stronger Mn and Cu signals, 
consistent with the formation of more T phase.  In general, 
positron trapping occurs at defects/ precipitates associated with 
Mn atoms [3-6,10], leading to appearance of the Mn signal in Al 
alloys containing a certain amount of Mn. Li et al. [9] revealed 
the formation of Mn–containing precipitates in another Al-Cu 
alloy, AA2026 Al alloy, using EDS, TEM and SEM.  
From Fig. 3(b), it is evident to observe that characteristic 
shape peak of Mg appeared besides Mn  and Cu signals formed 
at high temperature treatments, and the sample with more T 
phase has weaker Mg signal. In fact, Mn element (see Fig. 2) has 
low values at p=0; while Mg element has high values at p=0. 
Therefore, the results of Fig.3 implied that formation of Mn-
related clusters or precipitates (T phase) after high temperature 
annealing induced  low values at p=0, i.e. <1; while formation of 
Mg-related clusters or precipitates after ageing at 1500C for 5 
days caused high values at p=0, i.e. >1. The characteristic peak 
of Mg decreases with increasing anneal time, i.e., T phase can 
obstruct the formation of low temperature precipitate. 
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Fig. 3  The CDB ratio curves of the AA 2037 alloy before (a) and after (b) ageing. 
Fig. 2 CDB ratio curves for (a) pure Cu, 
(b) pure Mn and (c) pure Mg 
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Fig. 4  W parameter of the Samples 1-4 before (left) and after (right) ageing 
 
In order to analyze the relative changes of the Mn signal in all samples after high temperature treatment, the 
calculation range of W parameter (see Fig. 3) was selected by integration over the range 9 to 14×10-3 moc, consistent 
with characteristic shape peak of Mn shown in Fig.2. Thus W parameter is very sensitive to reflect the relative 
change of T phase. Fig.4 shows W parameter of the Samples 1-4 before  and after ageing. These results can be 
described as follows: (1) for samples with high temperature treatments (before ageing), larger W parameter means 
more T phase, i.e. Samples 1 and 3 have more T phase, leading to larger W parameter; conversely, Samples 2 and 4 
have less T phase, smaller W parameter. (2) for samples with both high- and low- temperature precipitates (after 
ageing), the relative change of W parameter keeps unchanged, but W value before ageing is much larger than that 
that after ageing because the aged samples contained a lot of defects induced by deformation and the formation of 
Mg-related precipitates.  
 
3.3  Positron lifetime 
Fig. 5 shows the positron mean lifetime of the samples before and after ageing at 1500C for 5 days. The estimated 
accuracy of the lifetime is about 1ps.  In the age-hardenable alloys [1,3,11], there exist a lot of  factors to affect 
positron lifetime, such as recovery of original defects, formation of the precipitates, vacancy-solute clusters, 
interfacial defects. Firstly,  the defects induced by hot- or cold- rolling recovered with increasing annealing time, 
which will lead to the decrease of positron lifetime. Secondly, the precipitates formed by high-temperature 
annealing and low-temperature ageing may change the positron lifetime, e.g. Mn-related precipitates (T phase) may 
lead to the decrease of lifetime; while Mg-related precipitates may induce the decrease of lifetime. Finally, new 
defects induced by the 5% stretch and interfacial defects within precipitates/matrix induce the increase of positron 
lifetime.  
For Samples 1 and 2 before ageing, positrons may annihilate within T phase (Al20Mn3Cu2) based on analysis of 
CDB curves in Fig. 3 and TEM observation. If the positron mean lifetime in T phase is shorter than that in the 
matrix of Al alloy, then we can observe that positron mean lifetime decreased slightly with increasing annealing 
time. After ageing at 1500C for 5 days, low temperature precipitates with Mg were formed. Sample 2 after ageing 
has higher mean lifetime than that before ageing. A possible explanation is that more Mg-related precipitates are 
formed as Sample 2 before ageing has less T phase. In addition, it is noted that Samples 3 and 4 (70% cold rolled 
states) before ageing have lower mean lifetime than that Samples 1 and 2 (as-received hot rolled states), and the 
lifetimes after ageing keep unchanged. This may be due to the formation of recrystallization microstructure (grain 
refining). The contribution of  positron lifetime of the aged samples is very complicated. It is difficult to determine 
which factor mainly determines positron mean lifetime. In present experiment, both precipitates formed by high 
temperature annealing and low temperature ageing and deformation-induced defects have synergy effects on 
positron mean lifetime.  Further investigation is in progress and will be reported in the future. 
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Fig. 5  Positron mean lifetime of Samples 1-4 before (left) and after (right) ageing 
 
4. Conclusion 
 
The CDB ratio curve measurements showed that there existed Mn and Cu signals for all the samples at various 
temperature treatments  before  ageing, and longer annealing time led to stronger Mn signals, consistent with the 
formation of more T phase. After ageing, characteristic shape peak of Mg appeared besides Mn and Cu signals 
formed at high temperature treatments, and the sample with more T phase has weaker Mg signal, which indicated 
that T phase could obstruct the formation of low temperature precipitates with Mg. Positron lifetime measurements 
indicated that the hot rolling sample with longer annealing time at high temperature treatment had shorter positron 
mean lifetime due to the recovery of defects and the formation of the T phase.  
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